We propose a theory for the effective interaction between soft dendritic molecules that is based on the shape of the monomer density profile of the macromolecules at infinite dilutions. By applying Flory-type arguments and making use of the experimentally measured density profiles, we derive a Gaussian effective interaction whose parameters are determined by the size and monomer number of the dendrimers that are derived from small-angle neutron scattering ͑SANS͒ measurements. By applying this theory to concentrated dendrimer solutions we calculate theoretical structure factors and compare them with experimental ones, derived from a detailed analysis of SANS-data. We find very good agreement between theory and experiment below the overlap concentration, where drastic shape deformations of the dendrimers are absent.
I. INTRODUCTION
Dendrimers are synthetic ͑macro͒molecules that can show a well-defined structure and can be constructed through controlled synthesis.
1-9 A scheme of a dendrimer of the fourth generation is shown in Fig. 1 . An issue that has occupied the literature for quite some time is the question of the radial structure of dendritic molecules, as manifested in the density profile (r) of the monomers as a function of the distance r from the center of the molecule. Motivated by the pioneering work of de Gennes and Hervet, 10 many authors have assumed that the density (r) grows as a function of the distance from the center of the molecule, as it would result from the scheme of Fig. 1 if the monomer bonds were rigid, ''frozen'' degrees of freedom. This so-called denseshell model has been first put into question in the work of Lescanec and Muthukumar, 11 who demonstrated through computer simulations that the density profile (r) decreases with r and established thereby the so-called dense-core model of dendrimers. The dense-core model is in line with the expectations one has from a fluctuating polymer structure, in which the monomers are given the freedom to explore those parts of the available space that are consistent with the connectivity of the macromolecular aggregate and the excluded-volume interactions between them. The densecore model has been subsequently confirmed in a number of theoretical works. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In particular, it was found that the density profile displays a maximum at rϭ0 for small generations numbers, gՇ5, and becomes more uniform as the generation number g increases. 17, 20, 23 At the same time, the density profile depends sensitively on the bond length between successive monomers: the larger the bond length, the smoother the ensuing profile is. 17 Only when the end groups of the dendrimers are charged does the molecule is predicted to assume a conformation consistent with the dense-shell model. 19, 24 The spatial structure of dissolved dendrimers was the subject of a number of recent studies by small-angle neutron scattering ͑SANS͒ [25] [26] [27] [28] and by small-angle x-ray ͑SAXS͒ studies. 29 The validity of the dense-core model 25, 27 as well as the evolution of the density profile with the generation number g have been confirmed experimentally. 29 Whereas scattering from very dilute solutions delivers information about the conformation and the density profile of the dendrimers, the scattering curves from concentrated solutions encode the spatial correlations between the centers of the same. [30] [31] [32] These correlations can be attributed to an effective interaction acting between the centers of the dendrimers that physically arises from the excluded-volume interactions between the monomers of different macromolecules in a concentrated solution. This effective interaction, also known as potential of mean force, has not been systematically analyzed to date. Lue and Prausnitz 17 and Lue 20 have measured the potential of mean force in simulations, finding that it is steeper for dendrimers than for linear chains of the same degree of polymerization, and also that it becomes larger with increasing generation number.
In a recent paper, 32 we argued on the basis of a simple theory and of comparisons with SANS-data that the effective interaction between dendrimers of fourth generation should have a Gaussian form. The validity of the ultrasoft Gaussian interaction as compared, e.g., to the hard-sphere ͑HS͒ potential was put forward in Ref. 32 but the SANS-data were limited to very low concentrations only. 27 Thus, only indirect, semi-quantitative comparisons with published SANS-data 30, 31 were offered there as additional corroboration of an ultrasoft potential acting between the dendrimers. In this work, we have performed a careful analysis of SANSprofiles arising from solutions of different G4-dendrimers, and from a sequence of concentrations ranging from very dilute to above the overlap density c * of the dendrimers. We have derived experimentally both the shape of the molecules and the structure factors at those concentrations. Moreover, we have applied the Gaussian interaction to calculate theoretically structure factors at the experimentally measured concentrations, using only the density profiles of the isolated dendrimers as input and the excluded-volume parameter v 0 between the monomers as a fit parameter. We find that for all concentrations below c * , where the macromolecules can be assumed to retain their undisturbed shape, the Gaussian interaction describes the experimental data very well. The HSmodel, on the other hand, is demonstrated to be inadequate to describe the scattering profiles, as it invariably predicts way too strong spatial correlations between the dendrimers. Above c * , we find that the Gaussian model is rendered inadequate, too, as the assumption of the undisturbed density profile breaks down for strongly overlapping molecules.
The article is organized as follows: in Sec. II we give a presentation of the experimental methods employed to obtain the density profiles of dendrimers and the structure factors in concentrated solutions of the same. In Sec. III we present a short review of the general theory of effective interactions leading to the theoretical predictions for the structure factor.
In Sec. IV we present the concrete theory of effective interaction between dendrimers that is based on the density profile of isolated macromolecules and compare the theoretical results with the experimentally measured quantities. 33 Finally, in Sec. V, we summarize and conclude.
II. DETERMINATION OF THE FORM-AND STRUCTURE FACTORS THROUGH SANS
Dendrimers of fourth generation ͑G4͒ were synthesized by using the techniques reported in Ref. 34 . Small-angle neutron scattering from a sample containing N d dendrimers enclosed in the macroscopic volume V produces a scattering intensity I(q), with the scattering wavevector q ϭ(4/)sin(/2), where is the wavelength of the incident neutrons and is the scattering angle. The intensity I(q) can be written as 27, 33 I͑q
where d ϭN d /V is the number density of dendrimers in the sample, I 0 (q) is the form factor of the dendrimers, containing information about their density profile, S(q) is the structure factor, containing the information about the correlations in wavenumber-space and I incoh is the q-independent, incoherent contribution of a single particle. Hence, in order to obtain reliably the useful information encoded in the coherent contribution to the scattering intensity, the second term in Eq. ͑1͒ has to be subtracted from all data. Details on this separation, as well as on the subsequent determination of the form-and structure factors are presented elsewhere; 33 here, we simply outline the procedure employed in the present studies.
The separation of I incoh is achieved through contrast variation. 25, 27, 35 The effectiveness of this procedure arises from the dependence of the coherent part of the scattering intensity, I 0 (q), on the difference of the scattering length densities between the solute and the solvent as
In Eq. ͑2͒ above, is the average scattering length density of the dissolved particles and m is that of the solvent. The first term, I S (q), contains the main information regarding the form of the molecules because it is related to the so-called shape-function T(r) through a Fourier transformation:
where
The shape function T(r) is proportional to the aforementioned monomer density profile (r) and will be specified below. The other two terms in Eq. ͑2͒, I SI (q) and I I (q), arise from internal variations of the scattering length density in the scatterers and they were shown to be negligibly small. 27, 25, 35 Ignoring therefore these terms and using Eqs. ͑1͒ and ͑2͒ we find that if the correct value of the incoherent term is subtracted, then it must hold: I͑q
i.e., at any given dendrimer concentration d the left-hand side of Eq. ͑5͒ must be independent of contrast. On general grounds, the form factor I 0 (q) has for small q-values the Guinier form:
where V p denotes the volume of the particle and R g denotes its radius of gyration. The radius of gyration of the shape function T(r), e.g., the radius of gyration at infinite contrast, is called R g,ϱ . The volume fraction of dendrimers in the solution is ϭ d V p , hence Eqs. ͑1͒ and ͑6͒ yield
The combination of Eqs. ͑1͒ and ͑7͒ leads to an iterative, self-consistent method 33 for the determination of the various quantities of interest through variation of the solvent scattering length density m , which is described below.
͑i͒
As I incoh dominates for high q-values, this term is first estimated by the high-angle part of the scattering curves and is subtracted from all data obtained at various contrasts and for various different scattering wavevectors q and volume fractions . ͑ii͒ For every wavevector q, Eq. ͑7͒ is then used to extrapolate to ϭ0, where S(q)ϭ1. In this way, I 0 (q) and also S(q) according to Eq. ͑1͒ are obtained. ͑iii͒ The data for I 0 (q) are extrapolated to qϭ0 for various different values of m and through Eq. ͑6͒ the values of and V p are obtained. ͑iv͒ With the so-determined value of and the previously extracted S(q), Eqs. ͑1͒ and ͑2͒ are used to obtain a new value for the term I incoh . ͑v͒ Back to step (i): the new estimate for I incoh is subtracted from the scattering data and the whole procedure is repeated until a self-consistent solution for I incoh has been found. Equation ͑5͒ provides then an additional consistency check and all quantities of interest, including the Fourier transform of the shape function T(q), can be determined. The incoherent intensity was found to have the value I incoh ϭ0.70 cm Ϫ1 .
In Fig. 2 we show the influence of interparticle correlations on I(q), which are witnessed by a dip at low q-values arising from the decreasing osmotic compressibility of the solution and a peak at finite q-values, a manifestation of the presence of a characteristic structural length scale arising in the system. The corresponding structure factors are shown in Fig. 3 . An immediate feature is the lack of any strongly pronounced peak in the S(q)'s, which hints to a soft interaction potential acting between the dendrimers. This will be shortly confirmed theoretically.
Next we turn our attention to the shape function T(r).
The extracted intensity I S (q) is shown in Fig. 4 , together with a theoretical fit that turns out to have a Gaussian form for all q's, namely
with the numerical values
and R g,ϱ ϭ1.489 nm. ͑10͒
Combining now Eqs. ͑3͒, ͑4͒, and ͑8͒ we obtain the soughtfor shape function in the Gaussian form
͑11͒
The shape function is proportional to the monomer density (r). From Eq. ͑11͒ it is clear that the former integrates to V p , whereas the latter must integrate to the total number of monomers N in the molecule. Hence, we obtain
͑12͒
Thereby, it has been explicitly shown experimentally that the considered G4-dendrimers have a density profile that decays with the distance from their centers and the dense-core model has been confirmed. The G4-dendrimers of the present study are soft, flexible polymers with a particular architecture and not rigid objects. This softness of the dendrimers has important ramifications for the form of the effective interaction between them, as we will demonstrate shortly.
III. EFFECTIVE INTERACTIONS BETWEEN FLEXIBLE MACROMOLECULES
In factorizing in Eq. ͑1͒ the scattering intensity into the product of the form factor and the structure factor, one physical assumption is being tacitly made and one possibility to interpret and analyze the structure factors opens up. The tacit assumption is that the molecules retain their undisturbed shape even in concentrated solutions, therefore one is allowed to use the infinite-dilution form of I 0 (q) also at finite concentration. This appears to be a reasonable assumption as long as the solution remains below its overlap concentration c * , defined roughly through c * ϷR g,ϱ Ϫ3 . Indeed, in this case the dendrimers are to be found mostly surrounded by solvent and not by other macromolecules, hence no physical mechanism causing a retraction of the chains is at work. The known facts from the theory of linear polymer chains 37 and star polymers, 38 stating that the size ͑radius of gyration͒ of these macromolecules remains unchanged below c * , corroborate this claim.
On the other hand, the separation between intramolecular ͓I 0 (q)͔ and intermolecular ͓S(q)͔ contributions to the scattering intensity allows us to think of the centers of the dendrimers as ''effective point particles'' which interact by means of an effective interaction, mediated by the solvent and the surrounding monomers, and which has such a form as to produce at a given particle density d the measured structure factor S(q). This effective interaction, also known in colloidal science as the potential of mean force, has a precise statistical-mechanical definition. 39 One starts from the full Hamiltonian H of the problem, assumed to be known. Then, out of the M particles in the problem ͑in our case all monomers͒, one selects the M ones that are to be considered as ''effective particles'' ͑in this case the centers of the dendrimers͒ and holds them fixed in some prescribed configuration ͕R 1 ,R 2 , . . . ,R M ͖, where R i is the position of the ith effective particle. Afterwards, the MϪM remaining particles are canonically traced out and the result of this integration is a constrained partition function Q(R 1 ,R 2 , . . . ,R M ). The effective Hamiltonian H eff is defined as
where ␤ϭ(k B T) Ϫ1 , with the absolute temperature T and Boltzmann's constant k B . It can be shown 39 that the sodefined effective Hamiltonian has two useful properties: it preserves the overall thermodynamics of the system and it guarantees that the correlation functions of any order between any of the M remaining particles remain invariant, regardless of whether the expectation values are calculated with the original Hamiltonian H or with the effective one H eff . Though the procedure of tracing out the MϪM degrees of freedom necessarily generates interactions of all orders between the M particles, in most cases it is sufficient to truncate those at the pair level, introducing thereby the pairpotential approximation.
Effective interactions have been long established and employed in the realm of charge-stabilized colloidal suspensions 40 as well as in colloidal physics in general, where one deals with rigid, hard particles whose direct interaction is additionally influenced by the presence of smaller entities, such as polymer chains, smaller spheres or salt. 41, 42 In Refs. 41 and 42, a precise statistical-mechanical procedure was put forward, that allows the systematic calculation of effective interactions of all orders within the framework of the semi-grand ensemble. However, the applicability of this procedure is limited to the cases in which the partial concentrations of the various components of the mixture can be changed at will. When dealing with polymeric systems, this is not the case: there is a precise ''conservation law'' that connects the number of dendrimer ͑polymer͒ centers, M, with the total number M of monomers in the system, namely MϭNϫM , where N denotes the degree of polymerization. In general, the concept of effective interactions between suitably selected effective particles is much less developed for polymers with fluctuating internal conformations than for rigid colloids. Only in the recent past have systematic efforts to this goal been undertaken. Thereby, the effective interactions between the centers of mass of polymer chains [43] [44] [45] or their central monomers, 46 as well as those between the centers of star polymers 47, 48 and polyelectrolyte stars 49, 50 have been analyzed. Here, we proceed with a theoretical investigation of the effective interaction between the centers of dendrimers, valid below the overlap concentration c * .
FIG. 4. The measured contribution I S (q)ϭT
2 (q) to the coherent scattering intensity ͑points͒ together with the Gaussian fit of Eq. ͑8͒ ͑solid line͒.
IV. GAUSSIAN EFFECTIVE INTERACTION BETWEEN G4-DENDRIMERS

A. Theory
The calculation of the thermodynamic trace implicit in Eq. ͑13͒ with an arbitrary number of effective particles present in the system is a highly challenging task. Only for a few cases has this program been carried out. 42, 45 In practice, one usually considers just two of the macromolecules, with their centers held at distance R, and calculates the effective force acting between them. Let us then consider two dendrimers with their centers kept at positions R 1 ϭ0 and R 2 ϭR. We examine the case Rտ2R g,ϱ (cՇc * ), so that the overlap is minimal and the physical assumption can be made, that the partial monomer-density profiles i (r), iϭ1,2, of the molecules retain their undisturbed shape given by Eq. ͑12͒. We have, evidently, 2 (r)ϭ 1 (rϪR)ϭ(rϪR). We employ a mean-field approximation that is consistent with the assumption of the undisturbed density profile, namely we assume that the two-particle monomer density of both dendrimers,
(2) (r 1 ,r 2 ;R), can be factorized into the product of the single-particle densities:
͑ 2 ͒ ͑ r 1 ,r 2 ;R͒ϭ 1 ͑ r 1 ͒ 2 ͑ r 2 ͒ϭ͑ r 1 ͒͑ r 2 ϪR͒, ͑14͒
with (x) being given by Eq. ͑12͒. Under this assumption and with a pair potential v(x) acting between two monomers, the overall effective potential V eff (R) experienced by the dendrimer centers is given by
In the absence of charges and dispersion forces, the pair potential between the monomers is a short-range repulsion, in good-solvent conditions. It is usual practice to ignore the details of this interaction and focus instead on its main physical effect, which is the self-avoidance of the chains. Thereby, the potential v(r 1 Ϫr 2 ) is modeled as a ␦-like repulsion with a strength v 0 , the latter being essentially the second-virial coefficient of the true monomer-monomer interaction. v 0 is known as excluded-volume parameter:
Equations ͑15͒ and ͑16͒ now yield the effective interaction as a convolution between the undisturbed density profiles:
The last equation applies generally, regardless of the precise shape of the density profile. Hence, it can be employed also for the calculation of the effective interaction of dendrimers of higher generations, where deviations of (x) from Gaussianity appear. 51 For the case at hand, the Gaussian form of the density profile, Eq. ͑12͒, causes the interaction to attain a simple, Gaussian form as well:
where the number of monomers N and the radius of gyration R g,ϱ can be read off from experiment and only the value of the excluded-volume parameter v 0 remains as a free variable. A Gaussian effective interaction was first derived by Graf and Löwen in the framework of a different approach, namely of a bead-spring model for star polymers in the neighborhood of the ⌰-point. 52 The interaction between G4-dendrimers is ultrasoft and this gives rise to structure factors that lack a pronounced correlation structure, as will be demonstrated below. Nevertheless, even below the overlap concentration, the potential is strong enough as to bring about a significant depression of S(q) at small q-values as well as weak correlation peaks, in full agreement with the experimental results.
B. Results and discussion
We have now taken the interaction of Eq. ͑18͒ and specified the parameters appearing there as follows: the radius of gyration is R g,ϱ ϭ1.489 nm ͓see Eq. ͑10͔͒ and the number of monomers is Nϭ62, since the G4-dendrimers used in the experiments were perfect structures. 33 Note that these are different values than the ones used in Ref. 32 , because the G4-dendrimers of that work contained an additional 32 aromatic end groups, hence in Ref. 32 we had Nϭ94 and correspondingly R g,ϱ ϭ1.85 nm. Thus, the results to be shown below have been obtained from different G4-dendrimers and are not merely an extension of previous analyses to higher concentrations. Following Ref. 32 , we estimate the value of the excluded-volume parameter to be of the order of the cube of the typical monomer length l 0 , v 0 Хl 0 3 . With the realistic value l 0 ϭ4.2 Å, we obtain thereby v 0 Х0.074 nm 3 , where deviations by a few percent can be also tolerated. 32 The precise values employed for all relevant parameters are summarized in Table I . Note that the volume fraction of the last entry, ϭ23.69%, corresponds to a concentration exceeding c * . The experimental volume fractions were finally converted into the dendrimer number densities d through ϭ d V p , using the experimentally determined value for V p , given by Eq. ͑9͒. To calculate the structure factors S(q), we solved the Percus-Yevick closure 53, 54 with the effective interaction V eff (R) of Eq. ͑18͒, namely the coupled integral equations
and 
Thereby, the total-and direct correlation functions h(R) and c(R) were determined for the given densities and the structure factors were calculated as
In order to provide a comparison and to establish beyond doubt that the effective interaction between the dendrimers is ultrasoft, we have also repeated the above procedure by replacing the Gaussian interaction with a hard-sphere potential of diameter HS ϭ2R g,ϱ .
The results are shown in Figs. 5 and 6. Referring to these figures, we first notice that the Gaussian interaction potential of Eq. ͑18͒ yields theoretical structure factors that are in very good agreement with the experimental ones, for the whole range of concentrations considered. The errors of the experimental data are based mainly on the Poisson statistics of the original measurements. This error is included in all steps of evaluation: background subtraction, concentration extrapolation and calculation of the structure factor. The form factor was smoothed with the help of cubic splines before the calculation of S(q). In conjunction with the entries in Table I , we note that this agreement is brought about with a very small variation of the only free variable of the problem, the excluded-volume parameter v 0 : in fact, for the first five volume fractions, v 0 is constant. For the volume fractions ϭ10.48% and ϭ15.28%, for which the S(q)'s are shown in Figs. 6͑b͒ and 6͑c͒ , a slight increase in the value of v 0 is necessary, possibly mimicking the neglected three-monomercontact effects that become more pronounced as the concentration grows. The resulting agreement between theory and experiment is very satisfactory.
For the highest volume fraction considered, ϭ23.69%, some more remarks are in order. First, as can be seen from Fig. 6͑d͒ , the agreement between SANS and theory is in this case worse than for the lower concentrations, although not unsatisfactory. Second, in order to obtain the theoretical curve shown there, a rather high value of the excluded-volume parameter, v 0 ϭ0.093 nm 3 , had to be invoked ͑see Table I͒ . We interpret these effects as manifestations of the fact that above the overlap concentration the simple mean-field theory begins to break down. Indeed, for strongly overlapping dendrimers, both a deformation of the molecule and a breakdown of the approximation of Eq. ͑14͒ are to be expected from our previous analysis. 33 The inability of the Gaussian potential to reproduce the SANS-data at such high concentrations cannot be attributed to a change in the radius of gyration ͑shrinking͒ of the dendrimer. The latter only affects the parameter of the Gaussian potential and thus the effective density d 3 in the model and such a change cannot fit both the compressibility and the peak height of the SANS-data shown on Fig. 6͑d͒ . The lack of a pronounced peak in S(q) implies that even at this high concentration the interaction remains ultrasoft. Its precise form, however, deviates from the Gaussian function and remains to be determined through the use of more sophisticated theoretical techniques ͑such as density-functional theory͒ that go beyond the simple, mean-field approximation of this work and, possibly, through computer simulations.
We comment next on the comparison between the Gaussian model and the hard sphere ͑HS͒ one. As can be seen from Fig. 5͑a͒ , at the lowest volume fraction, ϭ0.86%, the discrepancies between the two models are insignificant. This establishes also the correctness of choosing the value 2R g,ϱ as an effective hard sphere diameter. At very low concentrations, the average separation between the dendrimers is much larger than the range of the Gaussian interaction. The energy height of the Gaussian potential is ⑀ ϭN
Х10 k B T, hence the thermal energy k B T available to the effective particles is insufficient to cause close approaches. In this way, the dendrimers can be apprehended as interacting with one another like hard spheres of diameter 2R g,ϱ . This idealization persists up to volume fractions of about 3%, as can be seen from Figs. 5͑b͒ and 5͑c͒. At the volume fraction ϭ3.30%, shown in Fig. 5͑d͒ , discrepancies start showing up, with the HS-model producing too high correlation peaks. The failure of the HSmodel becomes apparent at the concentrations for which structure factors are shown in Figs. 6͑a͒-6͑d͒ . If the dendrimers were interacting by means of a HS-type interaction, then the strong repulsions at contact would cause correspondingly strong positional correlations between their centers. Those would manifest themselves in sharp peaks in the structure factor, akin to those displayed by the broken curves in Figs. 6͑a͒-6͑d͒ . The comparison with SANS shows that this is not the case: dendrimers are soft, penetrable objects. The lack of sharp peaks in the S(q) of soft macromolecules is a general feature that also occurs in the case of star polymer solutions, 55, 56 and it is also a general feature of the Gaussian model and of systems displaying reentrant melting behavior. 57, 58 Though the HS-model is inadequate for describing the structure of dendrimer solutions, it is still not unsatisfactory if one is interested only in the bulk thermodynamics of the system. This is seen by the fact that the q→0-limit of the HS-structure factors in Figs. 5 and 6 are very close to the experimental ones. The value S(0) is related to the isothermal osmotic compressibility osm of the system through 53 d k B T osm ϭS(0) and the last relation can be used to calculate the Helmholtz free energy of the system through the compressibility sum rule. 53 For small q-values, the structure factor can be expanded as S(q)ϭS (0) where HS ϭ(/6) HS 3 is the packing fraction of a collection of hard spheres of diameter HS with the average density . Using HS ϭ2R g,ϱ ϭ2.978 nm and the densities ϵ d for the dendrimer solutions at hand, we have calculated the quantities S HS (0) and ␣ HS and we compare them with the experimental ones, S exp (0) and ␣ exp , in Table II . It can be seen that S(0) is described rather well by the HS-model but for all concentrations it holds ␣ HS Ͻ␣ exp , implying that the HS-structure factors are somewhat ''flatter'' in the neighborhood of qϭ0 than the real ones. The deviations of the HSmodel from experiment become more pronounced with increasing concentration, in line with the qualitative remarks made above. All these effects can also be seen in Figs. 5 and 6.
V. SUMMARY AND CONCLUDING REMARKS
By employing SANS-measurements we have demonstrated that dendrimers of the fourth generation are soft, flexible objects with a dense-core structure. On the basis of the experimentally measured density profile alone, we have constructed a mean-field theory that expresses the effective interaction between dendrimers as a convolution of the said profiles of two macromolecules. The comparison with SANS established the validity of the ensuing ultrasoft interaction at least below the overlap concentration. The simplicity of the theory allows its generalization to more complicated density profiles, such as those measured for dendrimers of the fifth generation and for which the present approach has also been shown capable of accurately describing scattering data. 52 From the theoretical point of view, dendrimers have now been demonstrated to belong to the class of polymeric materials whose effective interactions are ultrasoft. The characteristic structural signature of such an interaction is precisely a structure factor whose q→0 limit decreases with density, as is the case with the usual, hard interactions, but, in contrast to those, no pronounced correlation peak appears. An interesting feature of ultrasoft potentials is the possibility to stabilize exotic crystal structures above the overlap concentration and to influence their through suitable modifications in the macromolecular architecture. 56, 60, 61 On the basis of the Gaussian interaction alone, the G4-dendrimers at hand are not expected to crystallize at any density because the height ⑀Х10k B T of their Gaussian interaction is too low. 57 However, the possibilities that dendrimers of higher generation may display such crystal structures and/or that the effective interaction may cross over to some steeper function at higher concentrations cannot be ruled out. We finally remark that more should be done in order to determine theoretically the effective interaction between dendrimers at strong overlaps. Work along these lines is currently under way. 
